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FUEL REFORMING APPARATUS AND FUEL CELL SYSTEM 



TNrORPQRATIQ N ft Y REFERENCE 

[0001] The disclosure of Japanese Patrat AppUcatioiis Nos- 2002- 

3 14089 filed on October 29, 2002 and 2003-179840 filed on June 24, 2003, eadi 
including the specification, drawings and abstract, arc incorporated bsmn by 
5 jreference in their entireties. 

ArKHROtl Km nv the mVENTION 

} , Field of the Ifivention 
0 [00021 The invention relates to a fuel refoiming apparatus which generates 

hydrogen using leforraing reaction, and a fuel cell system including the fiiel 
reforming apparatus. 

2. nescription nf the Rel ated Art 

5 [0003) When hydrogen is generated by a steaxn reforming reaction, it is 

necessary to supply a refonning catalyst with hydrocarbon flicl as reformed flicl and 
water in vaporized states. Ih orfer to proceed with the reforming reaction smoothly, it 
is required that a latio of supply amount betwera the hydrocaibon fuel and the water 
be adjusted to be widiin a predetermined range. When hydrophobic liquid 

10 hydrocaibon ftiel such as gasoline was supplied for the reforming reaction as the 
reformed fuel, it was particularity difiicuU to adjust the ratio of supply amount 
between the hydrocarbon fuel and the water so as to be within the predetermined 
range. Since the hydrophobic Uquid hydrocarbon fuel are not mixed with water easily, 
even when predetcnnined amounts of the hydrophobic Hquid hydrocarbon fuel and 

5 the water are mixed with each other in piping, distributions thereof arc uneven. 
Accordingly, when the hydrophobic liquid hydrocaibon fuel and the water are 
vaporized, concentration distributions in gas are uneven. 

[0004] A configuration for reducing such inconvenience, a configuration 
is disclosed in, for example, Japanese Patent Laid-Open PobUcation No.2002-12404. 

JO In this configuration, an agitating portion is provided between a fuel tank and a 



vaporizer, fuel is supplied from the fuel tank to the vaporizer, and the fuel and water 
aie mixed with each other suffidentiy by the agitating portion before being vaporized. 

[0005] However, providing the agitating portion in addition to the fiicl 
tank and the vaporizer causes a problem that a configuration for supplying the 
reformed fuel to a reformer becomes more complicated. Therefore, it has been 
desired that the configuiation for supplying the reformed fuel be further simplified. 

nrMMft PV nP THE INVENTION 
[0006] The invention is made in order to solve the above-mentioned 
problem- Accordingly, it is an object of the invention to provide technology for 
stebilizing a ratio of supply amount between reformed fuel and water which are to be 
supplied for a reforming reaction at a predetermined value using a more simple 
configuration. 

[0007] In order to attain die above-mentioned object, a ftad reforming 
apparams according to a first aspect of the invention includes mixture static staWlizing 
means for maintaining a state in which the reformed fuel and the water tha* are to be 
supplied for the rcfoiming reaction ace mixed evenly; pienrixed fiiel storing portion 
which stores the leftwmcd fuel and the water as prcmixed fuel formed by mixing the 
leftMTOcd ftid and die water substantially evenly by the mixture state stabilizing 
means; a leftnmex which includes a reforming catalyst for promoting the reforming 
leaciion; and a premixed fiiel supplying portion which suppUes the reformer with the 
piemixed fuel stored in the premixed ftiel storing portion. 

[0008] According to the first aspect of the invention, the reformed fuel and 
the water are stored as die premixed fuel, and the stale in which the reformed fijel and 
the water are mixed v«tb each other substantially evenly is maintained by the mixture 
state stabilizing means. Tlie premixed fuel is then supplied to the reformer including 
the reforming catalyst for promoting the reforming reaction. 

[0009] According to the thus configured fiiel refatmmg apparatus, since 

the reformed fuel and the water are stored in the state in which they are mixed with 
each other substantiaUy evenly, it is possible to vaporize the refonned fiiel and the 
water at a predetomined mixttirc ratio, without mixing the reformed ftiel and the 
wai» prior to vaporization. Accordingly, the configuration for vaporizing the 
reformed fuel and the water at the predetermined mixture ratio can be simplified. 



Also, the ratio between the reformed fuel and the water which aic to be suppUed to 
the refoimfir can be stabilized. 

fOOlO) In the first aspect of die hivcntion. die refoimed fiiel may be 
hydrophobic liquid hydrocaibon. By using the hydrophobic liquid hydrocarbon luel 
which is not mixed wifli water easily as the rtfonned fuel, the ratio between the 
«jfoiined fiJd and the water which are to be supplied for the reforminfi reaction can be 
further stabflized. 

[00111 In the fiist aspect of the invention, the mixture state stabilizing 
means may be provided with an emulsifier which is mixed in the preoaixed fbel. and 
which makes the leformcd fuel and the water stable emulsion. By using the 
emulsifier, the state in which the reformed fud and the water are mixed evenly can be 
maintained easily. 

[0012] In the firet aspect of the invention, the mixtiire stale stabilizing 
means may include an agitating portion for agitating the reformed fiid and the water 
physically. According to such a configuration, it is possible to obtain the state in 
which the reformed fuel and the water arc mixed with each other evenly in die 
piemixed fuel, without using a component that is not directly related to the reforming 
reaction. 

[0013] Forthennoie, in order to attain the above-meniioned object, a fael 
reforming apparatus according to a second aspect of the invention includes an additive 
agent having a function of maintaining a state in which the refoimed fuel and d,e 
water that are to be supplied for the refonmng reaction are mixed evenly, premixed 
fuel storing portion which stores the reformed fuel and the water as premixed fuel 
formed by mixing the reformed fuel and the water substantiaUy evenly by the additive 
agent; a reformer which includes a reforming catalyst for promoting the reforming 
reaction; and a premixed fuel supplying portion which supplies die reformer with die 
premixed fuel stored in the premixed fuel storing portion. 

[0014] According to the second aspect of the inveoticm, ftc reformed fliel 
and the water are stored as the premixed fiiel. and die state in which the reformed fuel 
and the water arc mixed with each odier subsumdaUy evenly is maimained by the 
additive agent. TTie premixed fljel is then supplied to the refoimer including the 
reforming catalyst for promoting the reforming reaction. 

[0015] According to the thus configured ftiel reforming apparatus, since 
the reformed fuel and the water are stored in the state in which they are mixed with 



each other substantiaUy evenly, it is possible to vaporize the refbnned fuel and the 
water at a piedetennfaed mixtuic ratio. v«thout mixing the leformed fud and the 
water prior to vaporization. Accordingly, the configuration for vaporizing the 
i^fonned fuel and the water at the predeicnmned mixnne laiio can be simplified. 
Also, die ratio between die reformed fuel and the water which are to be supplied to 
the reformer can be stabilized. 

[00161 In d»e first and second aspects of the invention, die premixed fuel 
supplying portion may include a vaporizing portion which is a predetermined space 
communicating with die reformer; a heating portion which supplies die vaporizmg 
portion widi heat for enabling die premixed fiiel to be vaporized; and a spraying 
portion which spiays die premixed fiiel stored in the piemixed fuel storing portion 

inio die vaporizing portion. 

[0017] According to such a configuration, die premixed fiid which is 

formed by mixing die reformed fuel and die water evenly in advance can be vaporised 
instantaneously by being sprayed into the v^q^rizing portion. Accordingly, even 
when vaporization is performed, there is no possibility diat the mixture ratio between 
the refiwmed ftiel and die water differs firom die predetermined ratio. 

[0018] m die first and second aspects ofdie invention, an independent 

n^terial supplying portion may be ftmher provided which can supply die reformer 
widi independent material diat contains only one of die reformed fuel and die water, 
independendy of die premixed fuel supplying portion. 

[0019] According to such a configuration, die mixtore ratio between flie 

xrformed ftoel and die water which are to be supplied to die reformer can be adjusted 
so as to be a value different from die mixture ratio in die premixed fuel. TTiusmtis 

possible to control the mixture ratio between die reformed feel and die water in die 
xcformer such diat die efficiency ofdierefortningreactionisflirtherenhanced. Indie 

case where die independent material contains die reformed ftiel, a temperanire of die 
reforming catalyst can be increased by increasing die amount and dierario of die 
reformed fuel to be suppUed when die apparatus is started, the temperatme of die 
reformer decreases or die like. In die case where die independent material contains 
water, die temperature of die reforming catalyst can be decreased by further adding 
water when die temperature of die reformer increases or die like. 



100201 In this case, the independent material may contain water, and the 
water may contain water generated in a system including the ftiel reforming 

apparatus. 1 

[0021] Thus, the cuWc capacaty of a water tank, which is provided in 
addition to a picmixed fuel tank in order to prepare the water to be suppUed to the 
reformer, can be reduced, or the water tank itself can be omitted. Since the water tank 
is not provided, and the required amount of water is obtained using the water 
generated in the system, there is no possibility that the water in the water tank is 
frozen when a temperature is low and the reforming reaction is hindered. Even when 
the temperature is low, by supplying the premixed fuel to the reformer, the reforming 

reaction can be started promptly. 

[0022) The independent material supplying portion may further include a 
gas supplying portion which suppUes the r«forHier with gas containing oxygen; and a 
humidif ying portion which adds the water generated in ihe system in a form of steam 
to the gas containing oxygen, that is to be supplied from the gas supplying port«,« to 
the reformer. 

(0023J According to such a configuration, in addition to the piemixed fuel, 
the water to be supplied to the reformer is supplied to the gas containing oxygen in the 
fonn of steam- Accordingly, it is not necessary to further supply heat en^gy in order 
W vaporize the water to be suppUed to the reformer, and the energy efficiency can be 
enhanced. In addition, since the water to be father added is suppUcd to the reformer 
in the foim of steam, the premixed fuel and the water can be mixed in the form of 
gases. Accordingly, it is easy to mix the premixed fuel and the water at the 

predetermined ratio. 

(0024) In the first and second aspects of the invention, the premixed fuel 
storing portion may make the ratio of the number of naolecules of the water in the 
premixed fuel with respect to die number of the carbon atoms in the reformed fuel at 
least 0.5 . H.us, even when die premixed fuel is supplied to the reformer without 
further adding water, it is possible to suppress occurrence of inconvenience such as 

generation of soot in the reformer. 

[0025) In the first and second aspects of the invention. *e premixed fuel 

storing portion may niake theratio of the number of molecules of the water in the 
premixed fhel with respect to the number of the carbon atoms in the reformed fuel at 



most 1 .0. Thus, it is possible to obtain a sufficient amount of tbe reformed fuel in tlie 
pteinixed fiiel while ensuring the efBciency of the reforming reaction sufficiently. 

[002^ In the first and second aspects of the invention, the prenrixed fuel 
supplying portion may include a piemixed fuel temperature increasing portion which 
increases a tempeiatuie of the prcmixed fuel stored in the prcmixed fliel storing 
portion using heat of the gas containing the hydrogen generated by the tefoiming 
reaction; and a vaporizing portion which vaporizes the prcmixed fuel whose 

ttOTperature has been increased m the premixed fiiel temperature increasing portion 
before supplying the premixed fuel to the reformer. 

[0027] In the first and second aspects of the invention, the premixed fiiel 
supplying portion may further include a prcmixed fuel temperature increasing portion 
which increases the temperature of the premixed fuel using heat of the gas containing 
the hydrogen generated by the reforming reaction before spraying the premixed fud 

into the vaporizing portion. 

[0028] According to the above-mentioned configurations, by increasing 

the temperature of the prernixed fuel wMch is formed by mixing the rrforined fuel and 
the water whose boiling p<rints are different from each odier prior to the vaporization, 
it becomes easier to vaporize the premixed fuel while Ae mixture ratio between the 
reformed fiiel and the water is maintained. Accordingly, it is possible to further 
stabilize the ratio between the reformed fud and the water which are to be supplied to 
die re for mer. 

[0029] In addition, since the heat of the gas containing the hydrogen 
generated by die reforming reaction is used when the temperature of the premixed 
fbel is increased prior to the vaporization, the energy efficiency can be enhanced and 
the system can be simplified compared with a case in which heating means is further 
provided in order to heat the prcmixed fuel. 

[0030] The invention is not limited to the above-mentioned embodiment, 
and die invention may be realized in various otiier embodiments. For example, the 
invention may be realized in a filcl ceU system, a method for supplying reformed fiiel 
to a reformer, and the like. 



[0031] Tlie foregoing and fiirther objects, features and advantages 
invention will become apparent from the following description of preferred 



embodiments with reference to the accompanying drawings, wherein like numerals 

are used to represent like elements and wherein: 

FIG, 1 is a diagram schematically showing a configuration of a fuel 

cell system 10 which is a preferred embodiment of the invention; 

FIG. 2 is a flowchart showing a start time routine; and 

FIG. 3 is a diagram schematically showing a configuration of a fuel 

cell system according to a second embodiment. 

PETATLED PFSCRTPTION the PP PPPPRKH RMBODIMENTS 
[0032] Hereafter, embodiments of the invention will be described. 
[0033] 

A. Entire configuration of apparatus 

FIG, 1 is a diagram schematically showing a configuration of a fuel system 10 
which is a preferred embodimcmt of the invention. The fuel cell system 10 according 
lo a first embodiment is mounted on a vehicle, and is used as a power supply for 
driving the vehicle. The fuel ccQ system 10 includes a fuel ccU 36 and a fuel 
lefonning appaiams 12 for generating hydrogen to be supplied to the fiiei cell 36. 
ITie fuel refoiming apparatus 12 includes a pieinixed fuel tank 20, a v^oiizing 
portion 22, a first heating portion 24 (EHC 1), a reformer 26, a heat exchanger 28. a 
shifl portion 30. and a hydrogen separating portion 32. 

[0034] The premixed fuel tank 20 stores premixed fuel foiroed by mixing 
gasoline and water at a predetermined ratio. In the embodiment, the premixed fud is 
used which is formed by mixing gasoline and water such fliat a ratio of the number of 
molecules of the water with respect to the number of carbon atoms in die gasoline 
(hereinafter, the ratio will be referred to as an S/C) is 03. In this case, the premixed 
fuel is emulsified by further mixing an additive agent such as an emulsifier (Le,, a 
surface active agent) in the gasoline and the water. In tiie vehicle on which the fud 
cell system 10 is mounted, refueling is performed by supplying tiic premixed foci tank 
20 with the preanixed fadi which is emulsified due to mixmg of die surface active 
agenL 

[0035] The value of the S/C in the prraiixed fuel is set such that the 
rcfonning reaction can proceed without hindrance (i.e., witiiout occurrence of 
inconvenience such as generation of soot), even when the premixed fuel is supplied to 
the reformer 26 as it is. as described later. When die gasolm© is used as Ae reformed 
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fuel, it is desirable that the vsdue of the S/C be set to at least 0.5, as the embodimenL 
The cmiilsifier used for mixing the gasoline and the water needs to be able to emulsily 
the gasoBne and the water with stability. For example, polyoxyethylene alkylene 
alkyl ether and a derivative diereof, polyoxyethylene lauiyl ethw or the like may be 

5 used. Paiticulariy, it is preferable to use the eraulsifier whose constituent elements 
are only oxygen, carbon and hydrogen, since inconvenience such as poisoning of the 
refonning catalyst can be prevented from occurring. When the degree of causing the 
poisoning of the reforming catalyst is within an allowable range, the eraulsifier further 
containing another element such as sulfur and nitrogen may be used. 

10 [0036] The premixcd fuel stored in the premixed fod tank 20 is supplied 

to a predetennined passage by a pump 50. Then, a pressure of the premixed fuel in 
the passage is adjusted to a predetermined value by a regutoling valve 51, and the 
premixed ftiel is sprayed fkom a noizle 52 provided on an end portion of the passage 
into the vaporizing portion 22. The nozzle 52 includes an electromagnetic valve, and 

15 the amoimt of the premixed fueJ sprayed into the vaporizing portion 22 is controUed 
by the open time of the electronnagnetic valve. The valorizing portion 22 is a space 
which is heated by the first heating portion 24, heat generated in and the reformer 26, 
and high-tfi03perature humidified which has passed through the heat exchanger 28. 
When being sprayed into the high-temperature vs^orizing portion 22, the premixed 

20 fuel is vaporized instantaneously due to heat suppUed from the high-tenq)eranMe 
humidified air. and is mixed with the humidified air. The high-temperature 
htunidified air will be described later in detail. 

[0037] The first heating portion 24 is a heater, and can increase 

ten^wratures of the vaporizing portion 22 and the lefymet 26- 
25 [00383 The reformer 26 includes the lefoTOung catalyst, and proceeds with 

the leforming reaction so as to generate hydrogen when being suppUed with the 
vaporized premixed fuel and the humidified air. Hie refomiBr 26 proceeds with a 
partial oxidation reaction using the oxygen in the humidified air. and perfbnns the 
steam reforming reaction using heat generated by die partial oxidation reaction. Hie 
30 reformer 26 indudes a novd metal catalyst containing novel nietal such as platinum, 
rudienium, rhodium, palladium, and iridium, as the refonning catalyst for promoting 
the above-mentioned reaction. The refonner 26 includes a temperature sensor 54 for 
detecting an intonal temperature (Trftn) of the reforms 26. 
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[0039] The temperature of the reformed gas rich in hydrogen, ivhich is 
generated by the reforming reaction in the reformer 26, is decreased in ihe heat 
exchanger 28. Then, the reformed gas is supplied to the shift portion 30. Since a 
reaction temperamre of the shift reaction which proceeds in the shift portion 30 is 
5 lower than a reaction temperature of the reforming reaction in the reformer 26, the 

temperature of the reformed gas is decreased using the heat exchanger 28, In order to 
supply the reformed gas from the reformer 26 opoated at teniperatures ^proximately 
600^C to lOOO^'C to the shift portion 30 op^ted at temperatures approxiniately 
200**C to eOO^'C, the temp^tares of the refonned gas is decreased to approximately 

10 200°C to 600^C. In the beat exchauigcr 28. the humidified air supplied from a 

humidifying module 38 is used, in order to exchange heat with the reformed gas and 
to decrease the temperature of the reformed gas. The shift portion 30 includes a shift 
catalyst which promotes the shift reaction for generating hydrogen and carbon dioxide 
from water and carbon nu>noxide^ and decreases a caibon monoxide concentration in 

15 the reformed gas by proceeding with the shift reaction. As the shift catalyst, for 
example, a copper catalyst (such as a Cu/Zn catalyst) and a novel metal catalyst 
containing platinum may be used. 

[0040] From the reformed gas whose caibon monoxide concentration is 
decreased in the shift portion 30, hydrogen is separated in the hydrogen separating 

20 portion 32. The hydrogen separating portion 32 includes a reformed gas portion 32a 
and an extracting portion 32b which are separated by a hydrogen separating 
membrane 31. The hydrogen separating membrane has a characteristic of selectively 
making hydrogen permeate therethrough, and is formed of palladium and a palladium 
alloy. The reformed gas whose carbon monoxide concentration is decreased in the 

25 shift portion 30 and which is supplied to the hydrogen separating portion 32 is 

introduced into the reformed gas portion 32a. In the reformed gas portion 32a, the 
hydrogen in the reformed gas permeates through the hydrogen separating membrane 
31 to die extracting portion 32b side. As described later, exhaust gas emitted from a 
cathode side of the fuel cell 36 is supplied to the extracting portion 32b. By supplying 

30 gas whidi does not contain hydrogen, such as the cathode exhaust gas, to the 

extracting portion 32b, it is possible to maintain a large difference in the hydrogen 
concentration between the reformed gas portion 32a side and the extracting portion 
32b side at all times, which enables efficient extraction of hydrogen. 
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[0041] Nonnally, oxygen remains in the cathode exhaust gas. Therefore, 
when such cathode exhaust gas is si4>plied to the extracting portion 32b, the oxygen 
in the cathode exhaust gas reacts with the hydrogen which has permeated through the 
hydrogen separating membrane 31. Naroejy, palladium and the like which form the 
5 y hydrogen separating portion 32 functions as a catalyst, and a combustion reaction 
occurs in the hydrogen separating portion 32. By using the cathode exhaust gas for 
extracting hydrogen, a sUght amount of hydrogen is consumed. However, the amount 
of hydrogen consumed due to the combustion reaction (the amoxmt of hydrogen lost 
by combustion) is nonnaUy a small value of approximately 1 For the purpose of 
10 extracting hydrogen, a configuration, in which another inert gas is supplied to the 
extracting portion 32b, may be adopted. Meanwhile, as mentioned above, by using 
the cathode exhaust gas. it is possible to suppress an increase in complexity of the 
system while maintaining the amount of the hydrogen lost by combustion within an 
allowable range. 

1 5 [0042] The hydrogen extracted from the reformed gas in the hydrogen 

separating portion 32 is mixed in the cathode exhaust gas, becomes fuel gas which 
does not actually contain carbon monoxide, is introduced to an anode side of the fad 
ceU 36, and is supplied for electrochemical reaction, A heat exchange 34 is provided 
in the passage connecting the hydrogen separating portion 32 and the facl cell 36. 

20 The heat exchanger 34 decreases the temperature of the fael gas such that the 

tcnipcffature of the fuel gas comes close to an operating tempwature of the fiiel cell 36 
before supplying the fuel gas to the fael cell 36, 

[0043] Meanwhile, as oxidizing gas related to a cell reaction in the 
cathode side of the fael cell 36, air is used. The air used as the oxidizing gas is taken 

25 from the outside into an oxidizing gas supplying passage 70 through a filter 67, and is 
supplied to the fael ceU 36 by a blower 64 provided in the oxidizing gas supplying 
passage 70. An amount of the oxidizing gas to be suppUed to the fiicl cell 36 is 
adjusted by the blower 64. 

[00441 The fael ceU 36 is a polymer electrolyte fael cell, and is formed by 

30 stacking a plurality of unit cells each of which is a constitutional unit. By supplying 
the fael gas containing hydrogen to the anode side of each imit ceU and supplying die 
oxidizing gas containing oxygen to the cathode side of each unit cell, A>e 
electrochemical reaction proceeds and an electromotive force is generated. An 
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equation showing the decuochemical leacrion which proceeds in the fiiel cell 36 is as 
follows. 

[0045] 

H,-»2H*+2e- (1) 

2Hr+ 2c + (1/2) O,-* H,0 (2) 

Hj + (l/2)Oj-»H,0.....(3) 

(004<g The equation (1) shows a reaction in the anode side, the equation 

(2) shows a reaction in the cathode side, and the equation (3) shows a reaction 

pcrfbimed in the entire fuel celL The electric force generated in die fiiel ceU 36 is 

supplied to a drive motor 60 of a veWclc on which the fael cell system 10 is mounted. 

[0047] The exhaust gas which remains in the cathode side of the fuel cell 

after the ceU reaction is suppUed to the humidifying module 38 through a cadiode 

exhaust gas passage 72, and is used for humidifying the air to be suppKed to the 

vaporizing poition 22. When the electrochemical reaction proceeds in the fijel ccU 

36, water is generated in the cathode side as shown by Ae equation (2). Since the 

catfiode exhaust gas contains much steam, using the water, the air to be supplied to 

die vaporizing poition 22 is humidified. 

[0048] The humidifying module 38 includes a humidifying portion 38a 

and a cathode exhaust gas poition 38b which are separated in a steam permeable 
membrane 39. The steam penneablc membrane 39 has hydrogen permeability. For 
example, a hollow fiber moribrane may be used, -me cathode exhaust gas introduced 
into the cathode exhaust gas passage 72 is introduced into the cathode exhaust gas 
portion 38b. The air taken in an air passage 71 which branches off fiom the oxidizing 
gas supplying passage 70 is introduced into die humidifying portion 38a by a blower 
62 provided in Ac air passage 71. The cathode exhaust gas contains more steam than 
air. Therefore, in accordance wifli the difference in steam partial pressure between 
die cadiode exhaust gas and the aix, steam permeates through the steam pecmeable 
membrane 39 from the cathode exhaust gas side to the air side. 

t0049} The humidified air to which steam is added in the humidifying 
module 38 is supplied to *e heat exchanger 28, the tcmperatuie of the humidified air 
is increased by perfonning heat exchange wid> the reformed gas, is supplied to the 
aporizing portion 22 and is mixed in the piemixedfiiel. Accordingly, the steam 
added to the air in the humidifying module 38 is used for the steam refkaming reaction 
and the shift reaction along with the water contained in the premixcd fuel. Hie 
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amount of steam added to the air (hereinafter, referred to as the "humidification 
amount") in die humidi^g module is decided based on the amount of die steam 
contained in due cathode exhaust gas emitted from the ftiel cell 36. Uie temperature of 
the hmnidijying module 38, the pressures of gases flowing with the steam permeable 
5 membrane 39 provided between the gas passages , and the like. In the fuel cell 
system 10 according to the embodiment, the humidification amount in the 
humidifying module 38 during steady operation of die fiiel cell 36 is set such that die 
value of the S/C in the reformer 26 is approximately 1.0. The reforming reaction 
efficiency in die reformer 26 may be fimher enhanced by increasing the amount of die 
10 steam added to die premixed fuel using die humidified air. B is said that. In the case 
where gasoline is used as die reformed fiiel, and die steam refonning reaction and die 
partial oxidation reaction are performed in combination. dKS efficiency of die 
reforming reaction is die highest when die value of die S/C in die icfonncr is 
approximately 2.0, The amount of the air to be supplied to die vaporizing portion 22 
15 as die humidified air is adjusted using die drive amount of die blower 62 such diat die 
ratio of die number of molecules of oxygen widi respect to die number of carbon 
atoms in die gasoline (hcrcinaiter, referred to as O/Q is approximately 0.8. 

[00501 Part of die cadiode exhaust gas which remains after humidification 
of die air in die humidifying module 38 is introduced into die extracting portion 32b 
20 of die hydrogen separating portion 32 dirough a cadiode exhaust gas passage 73, and 
is used for extracting hydrogen from die reformed gas. as mentioned above. A flow 
control valve 47 for adjusting die amount of die cadiode exhaust gas to be suppKed to 
die extracting portion 32b of die hydrogen separating portion 32 is provided in die 
cadiode exhaust gas passage 73. In die embodiment, contnil is performed such diat 
die amount of die cadiode exhaust gas introduced into die extracting portion 32b of 
die hydrogen separating portion 32 is approximately 10% of die total amount of die 

cathode exhaust gas. 

[0051] The gas which remains after the extraction of hydiogesn from die 
refonned gas in die hydrogen separating portion 32 (die cxttaction exhaust gas) is 
30 suppUed from die reformed gas portion 32a to a purifying portion 40aiKmgh an 

extraction exhaust gas passage 75. The extraction exhaust gas contains die hydrogen 
which rtanains after die extraction of hydrogen in separating portion 32, die 
hydrticaibon which remains after generation of hydrogen in die refonned 26. carbon 
numoxide and die like. The purifying portion 40 is a device for oxidizing die abovo- 
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mentioned components. A p«ssarc sensor 33 for detecting an internal piessurc is 
provided in the lefoimed gas portion 32a of the hydrogen separating portion 32. and a 
regulating valve 48 is provided in die extraction exhaust gas passage 75. 

[0052] The purifying portion 40 includes an adsorbent 41, a second 
heating portion 42 (EHC2). an oxidation catalyst 43, and a lemperatuie sensor 45 for 
detecting a temperature of the oxidation catalyst 43. The adsorbent 41 has a 
characteristic of adsorbing the above-mentioned components in the extraction exhaust 
gas ivhcn the temperature of the oxidation catalyst 43 is low. for example, during 
starting of the fuel cell system 10, and dcsoibing the components whe» fte 
temperature increases. As the adsorbent 41, for example, a zeolitic adsoAcnt «my be 
used. menthcintcmaltcmpcratureofthcpurifyingportion40issnflfidenilyhigh. 
the components including components desoibed from the adsorbe«t41 are oxidized in 
the oxidation catalyst 43. IHe second heating portion 42 Is a heater, and is used for 
heating tije oxidation catalyst 43 and the adsoib«it 41. 

[0053] A cathode exhaust gas branch passage 74 whidi branches off from 
the cathode exhaust gas passage 73 is connected to the puriftring portion 40. lUe 
cathode exhaust gas can be supplied to ttie purifying portion 40. In fte oxidation 
catalyst 43, the oxidation reaction is performed using the oxygen remaining in the 
cathode exhaust gas. A flow control valve 46 for adjusting the amount of the cathode 
exhaust gas to be supplied to die purifying portion 40 is provided in the cathode 
exhaust gas branch passage 74. The oxidation exhaust gas generated by the oxidation 
reaction in the oxidation catalyst 43 is emitted outside tittough an oxidation exhaust 
gas passage 76. In order to supply the oxygen required for the oxidation reaction in 
the purifying portion 40. the air taken in from the outside may be used instead of the 

cathode exhaust gas. 

[00541 A coolant passage 78 is further provided in the fhel ceU system 10, 
The coolant passage 78 is provided so as to pass through die heat exchanger 34. the 
drive motor 60. the motors provided in the blower 62. 64, and cools them using the 
coolant flowing therein. Further, the coolant passage 78 is pwmded so as to pass 
through a radiator 68. and the coolant is cooled in the radiator 68. Apunip66is 
provided in the coolant passage 78. By drivmg tiie pump 66. the ooolant.flows in the 
coolant passage 78 while exchanging heat with the above-mentioned portions. 

[0055] The fuel ceU system 10 fiirthcr indudes a control portion (not 
shown). The control portion is configured as a logic circuit mainly provided with a 
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microcojDOputer, and includes a CPU, ROM, RAM and an input/ou^ut port ^ch 
inputs/outputs various signals. The control portion obtains information concerning an 
operation state of the vehicle on which the fuel cell system 10 is mounted and a load 
x^uirement^ outputs drive signals to various portions forming the fuel cell system 10, 
and controls an operation state of the entire fuel cell system 10. 

[005<g The vehicle on which the fuel cell system 10 is mounted further 
includes a secondary cell (not shown) as a power supply different from the fuel cell 
36. The secondary cell functions as a power supply for driving, which supplies 
electric power to the drive motor 60 during starting of the vehicle and the fuel cell 
system 10, and tmtil the completion of warming-up of the fuel c^ system 10. In the 
vehicle according to the embodiment, when a brake pedal of the vehicle is d^ressed» 
regenerative operation in which the drive motor 60 functions as a power generator is 
performed, and the secondary cell is charged with Ihe electric power generated in the 
drive motor 60 due to the regenerative operalion. Hie secondary ceU may be charged 
by the fuel ccU 36. When the load requirement in the drive motor 60 increases during 
steady operadon alter the completion of warming-up, the secondary cell in addition to 
the fuel cell 36 may supply electric power to the drive motor 60. 

[©0571 

B. Operadon in the fad ceil system 10: 

FIG. 2 is a flowchart showing a starting time routine performed by 
the control portion when the fuel cell system 10 is started. When die routine is 
performed, healing by the first heating portion 24 and the second heating portion 42 is 
started (step SI 00, SI 10). Tlius, temperatures of the vaporizing portion 22, the 
reformer 26, and the oxidation catalyst 43 start to increase. 

[0058] Next, a detection signal from the temperature sensor 54 provided in 
the reformer 26 is obtained, and an intcamal temperature Trfin and a predetermined 
first reference temperature Trefl arc conqparcd with each other (step S120). Hie first 
reference temperature Trefl is set for determining whether Ac tcn:^>erature of the 
catalyst has been increased to a level at which the oxidation reaction (the conibastion 
reaction) can be performed using the premixed fiid. In the enibodixnent. the first 
reference temperature Ttefl is set to SSO^'C. When the temperature of the refanner 26 
reaches the first reference t6^^)e^atu^e Trefl, the internal traoperanire of the 
vaporizing portion 22 is increased to a tempanatarc at which die i^emixed fuel 
sprayed to the vaporizing portion 22 can be vaporized pron^tly. 
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[0059] The Tefoira^- 26 is heated by the first heating portion 24, When it 
is detenxiined that the Trfin exceeds the first reference temperature Trefl in step SI 20, 
the blower 62 is driven, and air supply to the vaporizing portion 22 is started (step 
S130X and the pump 50, the regulating valve 51. and the nozzle 52 arc driven such 
5 that premixed fuel supply to the vaporizing portion 22 is started (step SI 40). When 
the air and the premixed fuel are supplied to the vaporizing portion 22, the oxidation 
reaction is started in the lefonnw 26. The amount of the premixed fuel to be supplied 
is determined in advance as the supply amount during warming-up starting time. The 
amount of the air to be supplied is set such that the ratio of the air supply amount with 

10 respect of the premixed fuel supply amount is a ratio appropriate for starting the 

oxidation reaction in the oxidation catalyst (a ratio appropriate for ignition). During 
starting, the oxidation reaction of the gasoline in the premixed ftiel is peifoiiued 
actively^ and the reforming catalyst is heated by heat from the first heating portion 24 
and heat generated by the oxidation reaction. Since the oxidation reaction is started in 

15 the fcformer 26, and the high-temperature gas is supplied to the heat exchanger 28, 
the air to be supplied to the vaporizing portion 22 is heated, and heat is further 
supplied to the vaporizing portion 22 by the air. During warming-up starting time, 
power generation is not staned in the ftiel cell 36, and the cathode exhaust gas is not 
supplied to the humidifying module 38. Accordingly, the air to be supplied to the 

20 vaporizing portion 22 is not humidified. 

[0060] Next, the detection signal from the temperature sensor 54 provided 
in the reformer 26 is obtained again, and the internal temperature T^ftn of the 
reformer 26 and a predetermined second reference temperature TYef2 are compared 
with each other (step S150). The second reference tCTiparatuxe TrefZ is set for 

25 determining whether tfie temperature of the reforming catalyst has been increased to a 
level at which the reforming reaction can be perfomed. La the embodiment, the 
second reference temperature TrefZ is set to SOO'^C. 

[0061] When it is determined that the Trfim exceeds the second reference 
temperature TrefZ in step S150, heating by the first heating portion 24 is stopped (step 

30 S160). When the intcnialtcnapcratuie Tito of the refonner 26 reaches theses 
ref^race temperatme trcfZ, and the tempeiatuie of the reforming catalyst is 
sufiBciently increased, the temperature of the reforming catalyst can be sufficiently 
maintained by the oxidation reaction whidh proceeds in the reformer 26, without 
performing heating by the first heating portion 24- The premixed ftiel sprayed t (he 
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vaporizmg poition 22 can be vaporized sufficdenfly due to the heat conducted from 
the rcfoiming catalyst to the vaporizing portion 22 and the air supplied to the 
vaporizing portion 22 through the heat exchangeij 28. 

[0062] The blower 64 is driven such that oxidizing gas supply to the fuel 
5 cell 36 is started (step S 170), and control coiresponding to the load requirement is 

started (step S180). When the oxidizing gas supply is started, the cathode exhaust gas 
is supplied to the extracting portion 32b of the hydrogen separating portion 32 
through the humidifying module 38. By supplying the cathode exhaust gas to the 
extracting portion 32b of hydrogen separating portion 32, the ftiel gas supply to the 

10 anode side of the fiiel cell 36 is performed more actively. By supplying the oxidizii^ 
gas along with the fiiel gas, the electrochemical reaction proceeds in the fuel cell 36, 
When tiic electrochemical reaction proceeds in the fuel ccH 36, the amount of the 
Steam contained in the cathode exhaust gas increases, and the air to be supplied to tfie 
vaporizing portion 22 is humidified in the humidifying module 38. As mrattoncd 

15 above, in die extracting portion 32b of the hydrogen separating portion 32, a 

combustion reaction of die extracted hydrogen occurs using the oxygen in the cathode 
exhaust gas, by using the novel metal farming the hydrogen sqsarating membrane 3 1 
as a catalyst. Immediately after the oxidizing gas supply to the fuel cell 36 is started, 
the amount of the electrochemical reaction which proceeds in the fuel cell 36 is small, 

20 and the amount of the oxygen remaining in the cathode exhaust gas is particulariy 

large. Accordingly, the combustion reaction of the hydrogen occurs more actively on 
the hydrogen separating membrane 31. Thus, the ten^icratuic of the hydrogen 
separating membrane 31 increases, warming-up of the hydrogen separating portion 32 
is promoted, and the hydrogen extraction efficiracy in the hydrogen separating 

25 portion 32 is enhanced promptiy. 

[0063] When the control corresponding to the load requirement is started 
in step S 1 80, control is performed sue* that the electric power corresponding to the 
load requirement is generated by the fuel cdl 36 as mudbi as possible, accordhig to ihe 
warming-up state of the fuel ceU 36. During a period aftesr the vehicle is started until 

30 the warming-up of the fuel cell 36 is completed, Actc is a possibility that a required 
amoimt of electric power cannot be obtained from the fuel cell 36. Accordingly, as 
mentioned above, electric power is supplied to die load of the drive motor 60 or the 
like fiom the secondary cell. Therefore, when the oxidizing gas supply is started in 
step S170, and power generation is performed by the fuel ceU 36, the amounts of the 
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fuel sas and the oxidizing gas which arc to be suppUed to the foel cell 36 are 
eontroUed accordiixg to the load requirement such that the required amount of electric 
power can be suppUcd from the fuel cell 36 as much as possible. More particularly, 
the amount of the praxiixed fiiel to be supplied to the vaporizing portion 22 is 
adjusted by the valve 52 such that hydrogen can be generated and the amount of the 
hydrogen ooncsponds to the load requirement and the warming-up state. By 
adjusting the drive amount of the blower 62 such that the amount of the air to be 
suppKed to the vaporizing portion 22 is an amount ooncsponding to the premixed ftiel 
anKWnt. heat xeqoiied for die reforming reaction is generated by the partial oxidation 
reaction. 

(0064) Next, the detection signal from the ten^rature sensor 45 is 
obtained, and the temperature Thru of tfie oxidation catalyst 43 and a predetennined 
third reference temperature Tref3 are conqwred widi each other (step S190). THe 
third reference temperature Tref3 is set for dcicamining whether the tempcratutc of 
the oxidation catalyst 43 has been increased to a level at which the oxidation reaction 
canbeperfbnned, in the en*H)dixneDt, tf»e third reference tcmperimire TreO is 

350°C. 

[0065] When it is dctcnnined that the Tbm exceeds the third reference 
temperature TtefS in step S190, healing by the second heating portion 42 is stopped, 
die flow control valve 46 is tipened. and the cathode exhaust gas supply to the 
purifying portion 40 is started (step S200). By starting the supply of the cathode 
exhaust gas containing oxygen with die temperature of the oxidation catalyst 43 
sufficiently increased, oxidation of each coirq>oi.ent in the extraction exhaust gas is 
perfonned in the oxidation catalyst 43. While the internal teu^Hiralure of the 
purifying portion 40 including the oxidation catalyst 43 is low, each componem in the 
extraction exhaust gas to be supplied to the purifying portion 40 is adsorbed by the 
adsorbent 41. as mentioned above. When the internal temperature of the purifying 
portion 40 has been increased to a level at which the TTwn is detennined to exceed the 
Tref3 in step 190. each component is dcsort>ed from the adsorbent 41, and is oxidized 

on the oxidation catalyst 43. 

[0066] Then, the detection signal from the pttsssuie sensor 33 is obtamed. 

an internal pressure Prfg of the reformed gas portion 32a of the hydrogen separating 
portion 32 and apredetennincd reference pressure Pref are compared with each other, 
and the regulating valve 48 is coniTOlled such that the pressure Prfg is equal to the 
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reference pressure Pref (step S210), aficrwhich the routine ends. The reference 
pressure Pref is set such that the difference between the internal pressure of the 
reformed gas portion 32a and the internal pressure of the extracting portion 32b is 
sufficientty large, and the hydrogen extraction efficiency in the hydrogen separating 
portion 32 is sufficiendy high. In the embodiment, the reference pressure Pref is set 
to SOOld^. By perfonning the routine, wanning-up of the fuel ceU system 10 ends. 

(0067) 
C. Effects: 

According to the thus configured fiiel ceU system 10 in the 
embodiment, die gasoline which is the refonned fuel is stored as the premixed fbd 
formed by mixing the gasoline and the water at the predetermined ratio, Accordmgly, 
it is possible to easUy vaporize the gasoline and the water at the predetermined 
mixture ratio, and the configuration for vapoxizir»g the gasoline and the water at the 
predetermined ratio can be simplified. Also, the ratio between the gasoline and the 
water which are to be suppUed to the reformer 26 can be stabilized. Sincere 
gSSoHne and the water are sufficientty mixed at the predetermined ratio and then 
vaporized, it is possible to prevent the mixture ratio between the gasoline and the 
water from being different from the predetermined ratio. Especially, in the 
embodiment, the gasoline and the water are emulsified using the additive agent such 
as the surface active agent (the emulsifier). Accordingly, even when the hydrophobic 
Hquid hydrocarbon such as the gasoline is used as the reformed fuel, it is possrble to 
farther stabilize and maintain the mixture state of the reformed firel and the wat«r, and 
the effect of stabilizing the mixture stale can be obtahicd remarkably. 

I0068J In the embodiment, since the premixed fried which has been 
emulsified using the surface active agent is sprayed to the high-tempciature 
vaporizing portion 22. the premixed flxel having die predetermined mixhire ratio can 
be vaporized instantaneously. Acconlingly, there is no possibiHty that the value of 
S/C becomes an undesirable value due to the operation of vaporization. Ihua, it is 
possible to further enhance the effect of stabilizing the mixture «»tio between die 
gasoline and the water (the S/C ratio in the reformer 26) which are to be supplied to 
the neforaier 26. 

[0069] In addition, when the air is ftaiher supplied to the reformer 26. the 
premixed fuel and the air. botti of which are in the formof vapor, are mixed with each 
othcrin.hevaporizingportion22. Accordingly, the required mixture ratio can be 
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realized easily. Furthcsr, since the first heating portion 24 for heating the vaporizitig 
portion 22 and the reftjnncr 26 is piovided. dujing starting of the fuel cell system 10, 
by spraying the premixed fod to the vaporizing portion 22 whose temperature has 
been increased and by supplying the premixed fuel to the reformer 26, the oxidation 
reaction and the reforming reaction can be started prompUy. Therefore, compared 
with a case in which the Uquid reformed fiicl and the water are vaporized using a 
predetermined heat source, the time until the start of the reaction during starting can 
be greatly reduced. 

[0070] In the embodiment, the mixture ratio in the premixed fuel is set to 
0.5. Therefore, even when the premixed fuel is supplied to the reformer 26 without 
adding steam, it is possible to artoally prevent soot from being generated in the 
reformer 26- Acconiingly, there is no possibility that the activity of *e reforming 
reaction is reduced and the reforming catalyst deteriorates due to adhesion of soot to 
the reforming catalyst. Hius. durability of the fuel refonning apparatus 12 can be 
enhanced. Also, by maintaining the value of the S/C in the premixed fuel in the range 
in which hindrance to the refonning reaction does not occur, and by suppressing the 
value as low as possible m the range, it is possible to enhance the efficiency of the 
oxidation reaction which piocccds in the reformer 26 during starting so as to enhance 
the efficiency during warmmg-up. 

[0071] Further, in the embodiment, it is possible to supply the water to the 
lefonner 26 independently of the premixed fiiel. Accordingly, by further supplying 
water to the premixed fuel, it is possible to make the value of the S/C during the 
reforming reaction come closer to the optimum value so as to enhance the refonning 
efficiency. In this case, the hnnridiftdng module 38 is used in order to further supply 
the water to the premixed fuel. Therefore, it is possible to supply the water in the 
form of steam, and it is not necessary to provide a spcdal configuration for vaporizing 
the water which is further to be suppBcd to the premixed fneL Also, it is not 
necessary to further consume heat energy for vaporizing the water. 

[0072] As mentioned above, by storing the prefixed fuel in which the S/C 

is set such that the refonning reaction proceeds without hindrance even if the water is 
not further supplied and by pixjceeding with the xefimning reaction whfle replenishing 
Ifae steam as necessary, it is possible to maintain the refonning reactiwi in a good 
condition at all times even when the load flucniates. For example, even when the load 
requirement increases abrapfly. and die amount of steam corresponding to the 
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increase caimot be added immediately, since the predetennined amount of wat^ has 
been obtained as the premixed fuel, there is no possibility that an inconvenience 
occurs in the reforming reaction due to water shoj^ge, 

[0073] Particularly, in the embodiment, as the water further added to the 
5 premixed fuel, the water generated by the electrochemical reaction in the fuel cell 36 
is used. Therefore, it is not necessary to provide a water tank in order to prepare the 
water which is to be further added to the premixed fuel. This is particularly 
advantageous when the fuel cell system is mounted on a movable body in which a 
space for mounting the fuel and the like is limited, such as the vehicle according to 

10 the embodiment. Since the water tank is not required, it is possible to provide a larger* 
premixed fuel tank, and to increase a cruising distance of the movable body such as a 
vehicle. When the amount of the water which is to be further added to the premixed 
fuel cannot be obtained only by the water generated by the electrochemical reaction, 
the water tank for storing water may be provided in advance. In this case» by using 

15 the generated water, an effect of reducing the size of the water tank can be obtained. 
(0074] In addition, in the embodiment, since the water tank is not 
pnivided, there is no possibility that the water in the water tank is frozen when the 
tempexatuie is low. When the water to be supplied for the reforming reaction is stored 
in the water tank, if the water in the water tank is frozen, the steam reforming reaction 

20 cannot be performed until the water is unfrozen. In the embodiment, the reforming 

reaction can be started immediately using the premixed having a freezing point which 
is much lower than that of water. As mentioned above, the water tank may be 
provided while using the water generated by tfie electrochemical reaction. In this 
case, even when the water in the water tank is frozen, the reforming reaction can be 

25 started inmiediately since the premixed fuel has been prepared. 
10075] 
p. Second embodiment: 

FIG. 3 is a diagram schematically showing a configuration of a fuel 
ceU system 1 10 according to a second embodiment of the invention. Since the fUd 

30 cell system 1 10 according to the second embodiment has a configuration similar to 
that of the fuel cell system 10 according to the first embodiment, the same reference 
numbers are assigned to the common coinponents, and detailed descriptions thereof 
will be omitted. In the fiiel ceU system 1 10 according to the second embodiment, the 
same control as the fael cell system 10 according to the first embodiment is 
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pejfonned. Hereafter, only the configurations of the fuel cell system 1 10 according to 
the second embodiment which are different from those of the fuel cell system 10 
according to the first embodiment will be described, 

£0076] In the fuel cell system 110, the premixed fuel stored in the 
5 premixed fuel tank 20 passes through a heat exchanger 134, and is then sprayed from 
the nozzle 52 into the vaporizing portion 22. Tlie heat exchanger 134 is confiigured 
such that the fuel gas which is emitted from the hydrogen separating portion 32 and is 
to be supplied to die fiicl cell 36 passes therethrough, as in die case of the heat 
exchanger 34 according to the first embodiment. In the heat exchanger 134, heat is 
10 exchanged between the prenuxed fbd and the fuel gas. Accordingly, since the 

premixed fiicl passes through the heat exchanger 134, the temperature of the premixed 
fuel is increased before the premixed fuel is sprayed from the nozzle 52, and the 
temperature of the fuel gas is decreased before the fuel gas is supplied to the fuel ccU 
36. 

15 [0077) According to the thus configure fuel cell system 1 10 in the second 

embodiment, by increasing the temperature of the premixed fuel in the heat exchanger 
134, the premixed fuel becomes easier to vaporize, and the configiffation for 
vaporizing the premixed fuel can be further simplified. Since the premixed fiiel 
becomes easier to vaporize, the ratio between the gasoline and water which are to be 

20 supplied to the reformer 26 can be flirther stabilized. 

[0078] Also, by increasing the tc^qperature of the premixed fud sprayed to 
the vaporizing portion 22, it is possible to reduce the amount of the oxidation reaction 
which pit)C6eds in the refozmer 22 in order to heat ibe vaporizing pCHtion 22. 
Namely, it is possible to reduce the amount of the air to be introduced into the 

25 vaporizing portion 22, and to further decrease the value of the O/C in the reformer 26. 
Hius, the efficiency of generating hydrogen in the reformear 26 can be enhanced. 

[0079] In addition, in the enibodiment, since the premixed ftael is heated 
by beat exchange with the fuel gas emitted from the hydrogen separating portion 32, 
the entire apparatus can be compact compared with a case where a heating device 

30 sue* as a combustor is provided for heating the premixed fuel. Particularly, in the 
embodiment, as the fiicl cell 36, a polymer electrolyte fuel cell having an operating 
temperature which is lower than that of the hydrogen separating portion 32 is used. 
Accordingly, by heating the premixed fuel using the fuel gas emitted from the 
hydrogen separating portion 32, it is possible to perform operation for heating the 
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prcmixed fuel and operation for decreasing the tempexatuie of the fuel gas to be 
supplied to the fticl cell 36 to a temperature corresponding to the fuel cell 36, 
simultaneously. When the gas, which is generated in tfie fuel cell system 1 10 and 
whose temperature needs to be decreased, is used in order to heat die piemixed fuel, 
5 there is no possibility that the system efficiency is reduced by heating the premixed 
fuel. 

[0080] In the embodiment, the tcmperatuie of the premixed fiicl is 
increased using the fuel gas emitted from the hydrogen separating portion 32. 
However, a different configuration may be adopted. For exan^le, when the hydrogen 

10 extraction in the hydrogen separating miembjcane 31 can be pexfoiraed at a temperature 
sufficiently lower than the operating temperature of the shift portion 30p heat 
exchange may be performed between the icfozmcd gas cmincd from the shifit portion 
30 and the premixed fuel before the hydrogen extraction in the hydrogen separating 
membrane 31. Also, heat exchange may be perfonned between the extraction exhaust 

15 gas which remains after the hydrogen extraction and the premixed fuel. 

[0081] Gas containing the hydrogen, other than the gas containing die 
hydrogen supplied to the hydrogen separating portion 32 may be used as a heat source 
for inaeasing the temperatuxe of the premixed fii^. For example, in the heat 
exchanger 28, a pitmixed ftiel passage may be provided instead of the humidified air 

20 passage, or in addition to the humidified air passage. Thus, the tempCTaturc of the 
premixed fuel can be increased using heat of the reformed gas emitted from the 
reformer 26. By increasing the temperature of the prcmixed fuel using the heat of the 
gas containing the hydrogen generated by the reforming reaction, a decrease in the 
efficiency of the fuel cell system 110 can be suppressed. 

25 [0082] 

E. Modified examples: 

The invention is not limited to the above-mentioned embodiments, 
and the invention nwty be realized in various other embodiments within the scope of 
the invention. For example, the following embodiments can be realized. 

30 [0083] 

El. Modified example 1: 

A configuration of the fuel cell systraa including the fiiel reforming 
apparatus 12 according to the first embodiment and the second embodiment may be 
different from diat of the above-mentioned embodiments- For example, the reformed 
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gas generated in the reformer 26 may be supplied to the hydrogen separating portion 
32 as it is. vdthout providing the shift portion 30. Altemativdy. a CO selectively 
oxidizing portion including a CO selectively oxidation catalyst for selectively 
oxidizing caiton monoxide may be ^ovided between the shift portion 30 and the 
hydrogen separating portion 32 such that the reformed gas >vhose carbon monoxide 
concentration is further reduced is supplied to the hydrogen separating portion 32. In 
the first embodhnent, the reformed gas whose carbon monoxide concentration is 
reduced in the shift portion and the CO reducing portion may be supplied to the fuel 
cell 36 as it is, without providing the hydrogen separating portion 32. 

[0084] In the first embodiment and the second embodiment, by supplying 
the steam necessary for the shift reaction and the steam necessary for the reforming 
taction through the vaporizing portion 22. the configuration for supplying the steam 
to be suppUcd for the shift reaction is simphficd. However, a different configuration 
rnay be adopted. Namely, the steam to be suppUcd for the shift reaction may be a4ded 
on a downstream aide witti respect to the reformer. 

[0085] 
E2. Modified example 2: 

In the first embodhnent and the second embodiment, the mixture 
ratio between the gasoline and the water in the premixed fuel stored in the premixed 
fi,eltank20is0.5. However the mixture ratio may be different fit.m 0.5. However, 
when wamring-up is performed by oxidizing the premixed fuel during starting, as the 
amount of flie water mixed in the premixed ft»el is increased, the efficiency of the 
warming is reduced. Also, as the amount of the water mixed in the premixed fiiel is 
increased, the amount of the i^forrned fuel which cau be mounted on the vehicle is 
decreased. Accordingly, the cruising distance of the vehicle is decreased. Therefore, 
it is preferable that the S/C be at most 1.0 in the premixed fiid. 

[0086] 
E3. Modified example 3: 

Jo. ihc first enibodiincnt and ttie second embodiiiisnt. the steam 
reforming reaction and the partial oxidation reaction are performed in the reformer 26. 
However, only the steam reftwming reaction may be perfonned. m this case, a heat 
source for supplying heat necessary for the steam reforming reaction needs to be 
provided. Forexample.itis possible tobumthehydrogenrcmainingintheanode 
exhaust gas. and use the heat generated by the combustion reaction. When ooly the 
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steam refonning reaction is perfdnned. it is not necessary to supply the gas containing 
oxygm such as the cathode exhaust gas to the refonner. Accordingly, in soch a case, 
a tcquired amount of water needs to be sprayed to ^he vaporizing portion 22 using a 
nozzle as in the case of the premixed ftiel so as to be vaporized instantaneously, and 

5 oeeds to be fuith» mixed with the premixed fud. 
(0087] 
E4. Modified example 4: 

In the first embodiment and the second embodiment, gasoline is 
used as the refonned fuel mixed in the premixed fuel. However, different rcfoinaed 

10 fiicl may be used. By storing the premixed fijel formed by mixing the refonned fuel 
and water at a ratio withm a predetermined range, Ihe same effects can be obtained. 
Psrticulaily, when hydrophobic liquid bydtocaibon is used as the reformed ftoel as in 
Ifac case of the gasoline, the eflfect erf stabiUzing the mixture ratio between the 
refermed fiiel and water can be obtained remarkably. The value of the S/C in the 

15 premixed fuel needs to be set depending on the reformed fiiel to be used, based on the 

minimum amount necessary for proceeding the refbxming reaction without hindrance 

and the efficiency during starting. 

[0088] 

ES. Modified exan^>le 5: 
20 In the first embodiment and the second embodiment, steam can be 

supplied to the reformer 26 in addition to the premixed fuel. However, the reformed 
fuel which does not contain water can be supplied independently of the premixed fuel. 
According to such a configuration, it is possible to increase the ratio of the reformed 
fiiel to be supplied to the reformer, and increase the temperature of the catalyst more 
25 promptly during starting or M*en the tempefamre is decreased. 

[0089] By providing an independent matoial supplying pcrtian for 
supplying the reforroer wiA the independent material which contains only one of the 
reformed fuel and die water independently of the premixed fuel, it is possible to 
supply the reformed faei and the water to the reformer at a ratio different torn that of 
the premixed fuel stored in the premixed fuel tank. Particnhirly, in the case where 
water (steam) can be supplied independendy, when the temperature of the reformed 
catalyst has been increased to an undesirable level, it is possible to increase the water 
supply amount and decrease the temperature of the catalyst. "When the reformed foel 
can be supplied independenfly, it is possible to increase the temperature of the catalyst 
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by perfbrmiiig the oxidation fcaction of the largex amoxint of the reformed fuel. Thus, 
by controUing the amoont of the independent material to be supplied, it is possible to 
control the tempeiatuxc of the catal}^ 
[0090] 

5 E6. Modified example 6: 

In the first embodimejit and the second embodiment, the air to be 
supplied to the reformer 26 (the air for the paxtial oxidation reaction ) is humidified 
using the steam in the cathode exhaust gas. However, humidification may be 
performed using another steam, in the same humidi^dng module. For example, Itoe 

] 0 steam in the anode exhaust gas may be used. 

[0091] Alternatively, a combustion portion for burning the hydrogen 
which remains in the anode exhaust gas may be further provided, and the steam 
generated due to the combustion reaction in the combustion portion may be used. 
Also, the steam which is generated by burning the unreacted refoxxned fuel and CO 

15 that lemain in the extraction exhaust gas emitted finom the hydrogen separating portion 
32 in the oxidation catalyst may be used. In addition, humidification may be 
performed by combining two or more types of steam emitted fix>m the above- 
mentioned portions. In this case, when the humidifying modules are cozmected to the 
air passage in an order firom the humidifying module using the gas containing the 

20 smallest amount of steam to the huniidi^ing module using the gas containing the 
largest amount of steam, the efficiency of the humidification can be ensured. Also, 
the sicam generated in another portion of the apparatus including the fuel cell system 
may be used. 

[0092] In any of die above-mentioned cases, since the watw to be supplied 
25 for the reforming reaction is supplied using the humidifying module, die device for 

vaporizing the water by heating is not required, and the configuration of the system 

can be simplified. Also, since it is not necessary to consume energy particularly for 

vaporizing the water, the energy efficiency of the entire apparatus can be enhanced. 

Also, since the steam generated by the combustion teaction is used, sensible heat of 
30 the combustion gas can be used. When the air is humidified in the humidifying 

module 38, heat exchange is peifonned between the combusticm gas and the air. 

Accordingly, the temperature of the humidified air can be further increased. 

Thciefwc, even when the load requirement is abniptly increased, and the amount of 
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jefonning inaction is abruptly increased, it is possible to maintain the temperature of 
the reforming catalyst using the heat of the combustion gas. 

[0©93] \ 
E7. Modified example 7: 
5 In the jSiSt embodiment and the second embodiment, in order to 

stably maintain the mixture state of the premixed fuel formed by mixing the reformed 
fuel and the water, the emulsifier is used. However, in orda* to maintain the state 
where the reformed fliel and the water are mixed substantially evenly in the premixed 
fiiel tank, agent or material different from the emulsifier may be used. In addition, as 

10 the mixture state stabilizing means, for example, an agitating portion for physically 
mixing the reformed fiiel and the water may be provided in the {Mremixed fuel tank. 
By continuing to mix the premixed fiiel, it is possible to store the evenly mixed 
premixed fuel in the tank. Alternatively, an ultrasound oscillator may be provided in 
the premixed fuel tank is order to stabilize the mixture state using the ultrasound 

15 energy. The prenoixed fuel needs to be stored substantially evenly. When a 

pxedetermined mixture state stabilizing means is provided in the premixed fiiel tank, 
the entire apparatus can be compact compared with a case where an agitating device 
or the like is provided in addition to the tank and the vaporizer. 



